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Abstract
· AIM: To evaluate the ability of various laser
wavelengthsindeliveringsufficientburnstotheretinain
eyeswithcataractusinganewmulticolorpatternscan
laserwithgreen(532nm),yellow(577nm),andred(647nm)
lasers.
·METHODS:TherelationshipbetweentheEmery-Little
(EL)degreeofcataractseverityandthelaserwavelength
requiredtodeliveradequateburnswasinvestigatedin
102diabeticeyes.Treatmenttime,totalnumberoflaser
shots,andintra-operativepainwereassessedaswell.
·RESULTS:AllEL-1gradeeyesand50%ofEL-2eyes
weresuccessfullytreatedwiththegreenlaser,while50%
ofEL-2eyes,96%ofEL-3eyes,and50%ofEL-4eyes
requiredtheyellowlaser.Theredlaserwaseffectivein
theremaining4%ofEL-3and50%ofEL-4eyes.
· CONCLUSION:Longerwavelengthlasersaremore
effectiveindeliveringlaserburnsthroughcataractwhen
weuseamulticolorpatternscanlasersystem.
·KEYWORDS: diabeticmacularedema;photocoagulation;
retinalhemorrhage;pain;photoreceptors
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INTRODUCTION
W
hilepatternscanlasers(PSLs)causemuchlessstress
onpatientsintheformofdecreasedpainandshorter
operationtime,theyhavebeenreportedtobeequally
effectivefordiabeticretinopathy(DR)asconventionalsingle
spotlasers (SSLs)
[1-4].TheoverallsafetyofPSLshasbeen
confirmedinlargeclinicalstudies
[5,6].However,retinal
bleedingisapotentialcomplicationofthistechniquethat
occursin1.3%ofcasessincePSLsutilizeshorterpulsesand
higherpowercomparedwithconventionalSSLs
[6].
PatientswithDRoftensufferfrommediaopacity,suchas
cataractorvitreoushemorrhage,whichmaydiminishlaser
powerandresultininsufficientretinalcoagulation.Insuch
individuals,PSLswithagreenlaser(532nm)require
markedlyhighermaximumlaserpowerthanconventional
lasers,asmuchas1000mWand2000mW,toobtain
effectivelaserburns
[4,5].Sincethesesettingsarecomparable
tothoseusedinlaseriridotomyexceptforspotsize,retinal
bleedingmaybeinevitablewhenthelaserisappliedthrough
regionswithrelativelymildcataractopacityorvitreoushaze
[7].
Thus,wehypothesizedthatitmaybepreferabletouselasers
withlongerwavelengthsusinglowerlaserpowertoreduce
thepossibilityofretinalbleeding.
Inpreviousstudiesusingconventionalsingle-spotlaser
machines,red(647nm)andyellow(568nm)kryptonwere
moreefficientindeliveringlaserburnsthroughcataractthan
greenargon(514nm)sincethelongerwavelengthsreduced
scatteringorextinctionoflaserpowerwhenpassingthrough
theopaquelens
[8-10].Becauseofthisadvantageduring
pan-retinalphotocoagulation(PRP)ofeyeswithDR
associatedwithopaquemedia,multicolorphotocoagulators
equippedwithyellow (577nm)andred(647nm)lasersin
additiontoagreen(532nm)onehavebeenamongthemost
commonlyused photocoagulatordevicesinJapan
(unpublisheddata,surveybythesupplier).However,allof
theabove-mentionedstudiesthatconfirmedtheefficacyof
longerwavelengthlasersineyeswithopaquemediawere
performedusingconventionalSSLsonly
[6,9,10].
Theaimofthepresentstudywastoevaluatetheeffectof
laserwavelengthonappropriatelaserburndeliveryineyes
withdiabeticcataractusinga20ms,multi-spotPSL
equippedwithgreen,yellow,andredlasers.Sincelonger
wavelength lasersusuallycausemorediscomfort,
intra-operativepainandoperationtimewerealso
investigatedforthePSLandcomparedwiththosefora
conventionalSSL
[11].
SUBJECTSANDMETHODS
TheethicscommitteeofShinshuUniversityapprovedthis
study,whichwasconductedinaccordancewiththetenetsof
theDeclarationofHelsinki.Writteninformedconsentwas
obtainedfromallsubjects.
Subjects Atotalof102patientswithtype2diabeteswho
underwentPRPatShinshuUniversity,Matsumoto,Japan
673betweenOctober2010andDecember2012wereincludedin
thisstudy.Onlyoneeyeofeachpatientwasenrolled.The
baseline characteristicsof74patientswhounderwent
multicolorPSLtreatmentwere,age57.0依11.6yearsold,12
malesand62females,61(82%)hadseverenon-proliferative
diabeticretinopathy(NPDR)and13(18%)hadproliferative
diabeticretinopathy(PDR),andvisualacuity(VA)were
0.13 依0.43logMAR.Ontheotherhand,thebaseline
characteristicsof28patientswereage53.3依12.1yearsold,
12malesand16females,2(7%)hadmoderateNPDR,19(68%)
hadsevereNPDRand7(25%)hadPDR,andvisualacuity
(VA)were0.32 依0.42logMAR.Therewerenosignificant
differencesinpatientageormeanpreoperativeVA.
LaserConditions PRPwasperformedusinganMC-500
Vixi
® multicolorPSL(NIDEKInc.,Gamagori,Japan)at
powersstartingfrom300mWtoamaximumof600mWfor
eachlasercolor.Spotsizewas200 滋mfordurationof20ms.
ASuperQuad
®160lens(VolkOpticalInc.,Mentor,OH)was
usedasacontactlenstodeliverlaserburns.Ifcoagulation
spotswerenotachievedthroughopaquemediawithagreen
laser(532nm)atthemaximumpower(600mW),ayellow
laser(577nm)wasthenusedtoavoidretinalbleeding.If
appropriatelaserburnswerestill unobtainable, we
subsequentlyemployedaredlaser(647nm)usingthesame
powersettings.TheEmery-Little(EL)cataractclassification,
laserwavelengthused,laserpower,totalshotnumberto
completePRP,andtreatmenttimewereallrecordedforeach
eye.
Attheendoftreatmentsessions,theintra-operativepain
levelthatthepatientsfeltwasassessedusingavisual
analoguescale (VAS),with0beingnopainand10being
unbearablepain.VASandtreatmenttimewerealsorecorded
foracontrolgroupthathadundergonePRPusinga
conventionalmulticolorSSL.
StatisticalAnalysis Spearman'scorrelationcoefficientby
rankwasusedtoassessthecorrelationbetweenELcataract
classificationandlaserwavelength.Differencesinthepain
andoperationtimebetweenPSLsandSSLswereevaluated
usingtheMann-Whitney test.A valuelessthan0.05
wasconsideredstatisticallysignificant.Allanalyseswere
performedwiththeGraphPadPrismversion6.0for
Windows(GraphPadSoftware,SanDiego,CA,USA).
RESULTS
AsdemonstratedinFigure1,all16eyeswithEL-1grade
cataractweresuccessfullytreatedwiththegreenlaser.
Thirteenof26eyeswithEL-2cataractwerealsotreatable
withthegreenlaser,whiletheremaining13eyes
necessitatedtheyellowlaser.Thegreenlaserdidnotdeliver
anyeffectiveburnsinthe24eyeswithEL-3cataract,
althoughtheyellowlaserwaseffectivein23oftheseeyes,
with1eyerequiringtheredlaser.EyeswithEL-4cataract
wereonlytreatablewiththeyellow(4eyes)orredlaser
(4eyes).TherewerenoeyeswithEL-5cataractinthis
study.Wewitnessedasignificantcorrelationbetween
advancedELcataractclassificationandthenecessityofa
longerwavelengthlaser( <0.0001,Spearman'scorrelation
test).
PainScoreandOperationTime AsshowninFigure2,
themulticolorPSLtreatment(3.5 依1.8VASpainscore)
causedlesspainthantheconventionalSSL(5.2依1.6VAS
painscore)( <0.0001).Inaddition,meantreatmenttimein
themulticolorPSLgroup(23.4依5.1)minwassignificantly
shorterthanthatintheconventionalSSLgroup(43.1依6.6)min
( <0.0001).
TotalNumberofLaserBurns InthemulticolorPSL
group,PRPwascompletedintwosessionsinthisstudyina
patterndemonstratedinFigure3,wherebytheupperhalfof
theretinawastreated2-4wkafterthelowerhalf.Inthe
conventionalSSLgroup,PRPwasdividedinto4sessions.
SincethelaserspotsofPSLsareknowntoreduceinsize
Figure1Relationshipbetweencataractseverityandlaser
wavelength required for successful PRP Asignificant
correlationwasobserved betweenEmery-Little(EL)cataract
classificationandthelaserwavelengthrequiredtocompletePRP
( <0.0001,Spearman'scorrelationtest).G:Green;Y:Yellow;R:
Red.
Figure2Themulticolorpatternscanlasercausedlesspain
accordingtoavisualanaloguescalethanaconventionalsingle
spotlaser.Thepatternscanlaseralsorequiredsignificantly
lesstreatmenttimethanthesinglespotlaser.
a,c <0.05.
Multicolorpatternscanlaserthroughcataract
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withtime,thespacingbetweentheburnswassetat0.75,in
contrasttobetween1and2forconventionalSSLs
[12,13].
Consequently,thetotalnumberof laserspotswas
significantlylargerforthemulticolorPSL(3544依665)than
forthemulticolorSSL(1686依269)( <0.0001)(Figure4),
andwereinagreementwithpreviousreports
[6].
DISCUSSION
Inthecurrentstudy,thegreenlasercouldnotdeliver
appropriatelaserburnsduringPRPinpatientswithEL-3or
EL-4diabeticcataract,whereastheyelloworredlasers
successfullydeliveredeffectiveburnsatsettingsranging
from300mWto600mWataspotsizeof200 滋mand
durationof 20ms. Thisincreasedefficacyoflonger
wavelengthlasersinthetreatmentofDRwithopaquemedia
appearstobethereasonwhymulticolorPSLshavebecome
morepopularinJapan(unpublisheddata,surveybythe
supplier)
[9,10];infact,a577nmyellowlaserhasrecentlybeen
addedtotheoriginalPASCAL
® PSL (TOPCON,Tokyo,
Japan),whichhadpreviouslybeenequippedwithagreen
laser(532nm)only.
EffectivedeliveryoflaserburnsinPRPofthenon-perfused
retina,aswellasfocal/gridlaserburnstothemacula,have
beenconsideredasessentialtoassureagoodvisual
prognosisinpatientswithDR
[14,15].Onepotentialmechanism
ofthetherapeuticeffectoflaserphotocoagulationonDRis
thecoagulationanddestructionofischemicretinalcellsthat
aretheoriginofpathologicoverexpressionofVEGFinthe
diabeticretina.IthasbeenreportedthatVEGFlevelsinthe
vitreousarereducedafterlaserphotocoagulation
[16,17].Many
earlierstudiespredictedthatinhibitionofVEGF
overexpressionwasthekeytoeffectiveDRtreatment,which
hassincebeenconfirmedbytheadventofanti-VEGFdrugs
andtheirexcellentresultsinclinicalstudiesonbothdiabetic
macularedema(DME)andproliferativediabeticretinopathy
(PDR)
[16,18-26].Recentstudiessuggestedthatmacularfocal/grid
lasertreatmentisstillausefuladjunctivetreatmenttoolin
thefieldofanti-VEGFtreatment,potentiallyinreducingthe
numberofrequiredinjectionsofanti-VEGFdrugs
[22,27].In
addition,Gaucher
[21]reportedspontaneousresolutionof
DMEafterextensivePRPinfloridPDRwithoutfocal/grid
laserorintravitrealinjectionofanti-VEGFdrugs.They
suggestedthatDMEbecameresolvedafterlasertreatmentof
theischemicretinahaltedexcessiveproductionofVEGFin
thenon-perfusedretina.Consequently,focal/gridlaserand
PRPcontinuetobetwoofthemosteffectivetreatment
modalitiesforDMEandPDR,althoughanti-VEGFdrugsare
likelytobecomethefirst-linetreatmentfor DME
patients
[22-24].
Lastly,ourclinicalfindingsrevealedthatmulticolorPSLs
canbeausefultooltodelivereffectivePRPorfocal/grid
lasertreatmenttoeyesafflictedwithDRcomplicatedwith
cataractatvirtuallyanyELstage.Wealsowitnessedthat
discomfortandoperationtimewerebothsignificantly
reducedwithamulticolorPSLascomparedwitha
conventionalmulticolorSSL.
Inconclusion,recentlyintroducedmulticolor
photocoagulatorswithpatternscandeliveryfunctionsnot
onlyreducepainandoperationtime,butarealsoeffectivein
deliveringlaserburnsthroughopaquemedia.Laserswith
longerwavelengths,suchasyellowandred,appeartobe
moreeffectivethanagreenlaserintreatingretinopathyin
eyeswithdiabeticcataract.
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Figure3Orderlyarrangementoflaserburnsusingapattern
scan laser Emery-Littleclassification1;Greenlaser;Pulse
duration:20ms;Laserpower:400mW;Spotsize:400 滋m(200伊2 滋m
usingaSuperQuad誖 lens);Spacing:0.75伊 spotsize;Numberof
burns:3302.
Figure4Averagetotalnumberoflaserburnsneededto
completepan-retinalphotocoagulation.Thepatternscanlaser
requiredmorelaserburnsthantheconventionalsinglespot
laser.
a <0.05.
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